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It is shown that both conjectures of neutrino mass and neutrino oscillation can be made
really well-grounded within the Standard Model provided that one adopts a recent new
version of the electroweak scheme spontaneously giving also a fundamental explanation
for the so-called “maximal parity-violation” effect. A crucial role is played by the pre-
diction of two distinct, scalar and pseudoscalar, replicas of (electron, muon, and tau)
lepton numbers that could fully account for an actual non-coincidence between neutrino
mass-eigenstates and gauge-eigenstates.
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1. Introduction
Neutrino physics has been for many years one of the most mysterious and fasci-
nating subjects for both theoreticians and experimentalists working in the field of
elementary particles. Measurements on atmospheric and solar neutrinos, more and
more refined attempts to fix neutrino-mass upper limits, and experiments searching
for the so-called neutrino oscillations1–5 (whose clear detection could in particular
provide a compelling evidence for different neutrino masses) have seemed so far to
be very promising tools to get a better empirical knowledge on this subject.6 At
the same time one also feels the need, on the other hand, to gain a better theoreti-
cal insight into the neutrino problem, with a special regard to the emerging subtle
question concerning the full legitimacy of the two conjectures of neutrino mass and
neutrino oscillation in a framework that should still keep the well-established basic
ideas of the Standard Model.
As is well known, the commonly accepted version of the electroweak theory7–9
deals in principle with mere left-handed neutrinos, under the assumption (based
on experience) that free neutrinos are both massless and obeying an essentially
853
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two-component quantum field scheme.10–13 This is therein an ad hoc prescription
fully complying with the apparent non-existence of right-handed neutrinos. From
the theoretical viewpoint, such a strong assumption does not seem, however, to be
strictly necessary: thanks to the only V −A ad hoc prescription,14–16 each neutrino
could just as well be treated like a regular Dirac particle which may at most happen
to be massless. Under this weaker assumption, the Standard Model would then be
really enabled to include massive neutrinos (even though, of course, it could not
provide any deep motivation for the existence of a neutrino mass spectrum).
Much more questionable appears the physical legitimacy of neutrino oscillations
(whose occurrence would further require the introduction of a non-diagonal mass
matrix formally similar to the Cabibbo–Kobayashi–Maskawa one17). The reason is
because the three single (electron, muon, and tau) lepton numbers are naturally
conserved quantities in the Standard Model, and so it would not be well understood
why the corresponding actual neutrino gauge-eigenstates could no longer turn out to
be square-mass eigenstates (as in the zero-mass preliminary stage). The perplexity
would clearly be reinforced by the fact that such neutrino states should even be
unable to coincide with sharp energy eigenstates.
It is just this particularly controversial aspect of the neutrino-mass puzzle that
will be here addressed a deeper theoretical investigation.
2. A New Way of Approaching the Neutrino Mass Problem
The main point at issue in this paper may be summarized in the following question:
How is it that the experienced neutrino gauge-eigenstates might really not be coin-
cident with square-mass eigenstates, thus being themselves prevented from bearing
sharp energy eigenvalues?
Recently a revised version of the whole electroweak theory has been worked
out.18 It — unlike the standard version19,20 — can indeed provide a fundamental
understanding (free from ad hoc prescriptions) of the general phenomenology known
as “maximal parity-violation,” and it will be shown here to be also able to give just
an exhaustive answer to the question above.
This new electroweak formulation is underlain by a relativistic spin- 12 quantum
field formalism21 that may be said to be a strict covariant fermion–antifermion
extension of the usual one for massive fermions. Such a formalism (which we are
going to sum up in order to make the paper self-contained) is based on a “dressed”
Fock space
F = F◦ ⊗ Sin , (1)
where F◦ denotes an ordinary (“bare”) covariant Fock space being equivalently
available for either identical fermions or identical antifermions with both positive
and negative energies, and where Sin is a suitable (“dressing”) two-dimensional
internal space being defined by a pair of orthogonal unit vectors, |f〉 and |f¯〉, which
are eigenvectors of a one-particle covariant mass operator, M , with eigenvalues
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m(> 0) and −m:
M |f〉 = +m|f〉 , M |f¯〉 = −m|f¯〉 (M † = M) . (2)
In this regard, recall that the mass sign in the Dirac equation is immaterial, and that
a mere substitution m→ −m in the four-momentum definition pµ = mcuµ (with uµ
being the particle four-velocity) would cause the reversal pµ → −pµ (µ = 0, 1, 2, 3):
such a substitution should thus be able to change a complete covariant picture, in
terms of, say, positive- and negative-energy Dirac fermions, into an equally admissi-
ble new one, which (according to the well-known Stu¨eckelberg–Feynman views22–24)
may correspondingly be said to be in terms of negative- and positive-energy Dirac
antifermions. These pictures may more properly be connected by a pure inter-
nal covariant operation (leaving the pµ’s unvaried) which can just be called “mass
conjugation.” Hence it is easy to realize that the adoption of the “dressed” Fock
space (1) does indeed entail a sort of Fock-space “doubling” explicitly allowing for
both of such mass-conjugated equivalent pictures, along with their respective mass-
conjugated “bare” free-field equations
iγµ∂µψf = +mψf , iγ
µ∂µψf¯ = −mψf¯ (3)
(~ = c = 1).25–28 The former picture, in which one properly has “particle” =
fermion and “hole” = antifermion, is covariantly marked by |f〉 and may be re-
ferred to as the “Dirac fermionic” one; while the latter, in which one conversely
has “particle” = antifermion and “hole” = fermion, is covariantly marked by |f¯〉
and may be referred to as the “Dirac antifermionic” one. Including also the adjoint
versions of Eqs. (3), it will result (apart from phase factors):
ψf¯ = γ
5ψf , ψ¯f¯ = −ψ¯fγ5 , γ5 ≡ iγ0γ1γ2γ3 (4)
(ψ¯ = ψ†γ0). Of course, the “antifermion” Dirac field ψf¯ has nothing to do with the
ordinary field known as the charge-conjugate of ψf : the latter one, which satisfies
the same equation as ψf but has a noncovariant representation in four-spinor space,
is still belonging to the “Dirac fermionic” picture and can make its appearance only
if normal ordering is applied (at the expense of a strict covariant formalism).
A “whole” field operator suitable for acting on F vectors (and not only on F ◦
vectors) is the fermion–antifermion one
Ψ(x) = ψf (x)〈f | + ψf¯ (x)〈f¯ | (5)
(x ≡ xµ). It is a solution of the generalized Dirac equation
iγµ∂µΨ(x) = Ψ(x)M , (6)
with M denoting the one-particle mass operator (2). Besides being a Lorentz four-
spinor, it is also a (bra) vector in Sin with “components” ψf , ψf¯ as expressed in the
“Dirac” basis (〈f |, 〈f¯ |). Its adjoint will clearly look like
Ψ¯(x) = |f〉ψ¯f (x) + |f¯〉ψ¯f¯ (x) . (7)
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We may also introduce the “covariant charge-conjugate” of Ψ(x), as the cor-
responding field that is obtained from Ψ(x) by applying the “covariant charge-
conjugation” operation
Ccov|f〉 = |f¯〉 , Ccov|f¯〉 = |f〉 (C−1cov = C†cov = Ccov) (8)
(with Ccov being primarily defined in Sin and being understood to act in F◦ as a
mere identity). If Ψ(Ccov)(x) is such a field, then
Ψ(Ccov)(x) ≡ Ψ(x)Ccov = ψf (x)〈f¯ |+ ψf¯ (x)〈f | . (9)
Due to (4), it also follows that
Ψ(Ccov)(x) = γ5Ψ(x) , Ψ¯(Ccov)(x) = −Ψ¯(x)γ5 , (10)
with γ5 here working just as the γ-matrix representation of Ccov.
The actual advantage shown by this (seemingly redundant) extended covariant
formalism is that it also allows the natural, rigorous definition of a pair of (fermion
and antifermion) “chiral” fields (and adjoint “chiral” fields) on an equal footing
with the pair of (fermion and antifermion) Dirac fields ψf , ψf¯ (and adjoint Dirac
fields ψ¯f , ψ¯f¯ ). Indeed, if we start from the “Dirac” basis (|f〉, |f¯〉) in Sin and make
the basis change
|f〉 = 1√
2
(|f ch〉+ |f¯ ch〉) , |f¯〉 = 1√
2
(−|f ch〉+ |f¯ ch〉) , (11)
we can re-express Ψ(x) and Ψ¯(x), as given by (5) and (7), in the forms
Ψ(x) = χf (x)〈f ch|+ χf¯ (x)〈f¯ ch| , Ψ¯(x) = |f ch〉χ¯f (x) + |f¯ ch〉χ¯f¯ (12)
(χ¯ = χ†γ0), where use has been made of the transformation
ψf =
1√
2
(χf + χf¯ ) , ψf¯ =
1√
2
(−χf + χf¯ ) (13)
(defining χf and χf¯ ) and of its adjoint (defining χ¯f and χ¯f¯ ). Hence, thanks to (4),
it may just be put
χf (x) ≡ 1√
2
(1− γ5)ψf (x) , χf¯ (x) ≡
1√
2
(1 + γ5)ψf¯ (x) (14)
as well as
χ¯f (x) ≡ ψ¯f (x) 1√
2
(1 + γ5) , χ¯f¯ (x) ≡ ψ¯f¯ (x)
1√
2
(1− γ5) , (15)
and the new basis (|f ch〉, |f¯ ch〉) may be called the “chiral” basis in Sin. In this way,
as evidenced by the orthogonal transformation (13), we have that introducing ψf¯
(ψ¯f¯ ) as the (Dirac) “covariant” antifermion counterpart of ψf (ψ¯f ) proves indeed
essential for obtaining χf (χ¯f ) and χf¯ (χ¯f¯ ) themselves as two single, mutually
conjugated (fermion and antifermion) “chiral fields,” instead of two mere “chiral
projections” of the only (Dirac) fermion field ψf (ψ¯f ). For a more accurate check,
let us demand both the generalized Dirac equation (6) and its adjoint to be left
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invariant under ordinary space inversion xµ → xµ. We then find (apart from an
η = ±1 phase factor):
Ψ(P )(xµ) = γ
0Ψ(xµ) , Ψ¯(P )(xµ) = Ψ¯(x
µ)γ0 ; (16)
which just implies that either χf (χ¯f ) or χf¯ (χ¯f¯ ) should be “wholly” transformed by
applying γ0 direct to it (with the consequent “internal” additional effect of reversing
its chirality). Similarly, if we define the “ordinary charge-conjugates” of Ψ and Ψ¯
as
Ψ(C) = UCΨ˜
† , Ψ¯(C) = − ˜¯Ψ†U †C , (17)
Ψ˜ ( ˜¯Ψ) being the transpose of Ψ (Ψ¯) and UC being the usual (unitary) C-matrix,
such that UC
†γjUC = −γ˜j† (j = 0, 1, 2, 3, 5), we see that either χf (χ¯f ) or χf¯
(χ¯f¯ ) should be acted upon by UC (U
†
C) just like a “whole” field whose “ordinary
charge-conjugate” is also chirality-conjugate to it.
All this can be seen to have really a deep theoretical significance, related both
to the fact that Ccov is diagonal in (|f ch〉, |f¯ ch〉),
Ccov|f ch〉 = −|f ch〉 , Ccov|f¯ ch〉 = |f¯ ch〉 , (18)
and to the fact that |f ch〉 and |f¯ ch〉 will be taken into each other by a new one-
particle operator, say Pin, being in its turn diagonal in (|f〉, |f¯〉): setting
Pin|f ch〉 = |f¯ ch〉 , Pin|f¯ ch〉 = |f ch〉 (P−1in = P †in = Pin) , (19)
one obtains
Pin|f〉 = |f〉 , Pin|f¯〉 = −|f¯〉 . (20)
Actually, the Pin-eigenvalue equations (20) may be said to provide a spontaneous
covariant rewriting of the usual opposite-intrinsic-parity condition for a fermion
and an antifermion in the Dirac framework. This can be made rigorous, once the
parity operator P yielding (16) is consistently represented, in the new Fock space
(1), as P = PinPex (= PexPin), with the Pex contribution just reproducing the effect
of P on F◦ vectors, and the Pin one just reproducing the effect of P on Sin vectors.
In strict covariant terms, a “Dirac” fermion–antifermion pair (associated with ψf
and ψf¯ ) would thus consist of two Pin eigenstates which may be turned into each
other by applying Ccov. Due to (18) and (19), however, one might as well think of a
“chiral” fermion–antifermion pair (associated with χf and χf¯ ): it would, vice versa,
consist of two Ccov eigenstates which may be turned into each other by just applying
the P operation. The conclusive result is that a “chiral” fermion (antifermion) would
look like a net pseudoscalar-charge eigenstate (with corresponding null expectation
values of all scalar charges) while a “Dirac” fermion (antifermion) would conversely
look like a net scalar-charge eigenstate (with corresponding null expectation values
of all pseudoscalar charges).
Two such, scalar and pseudoscalar, general charge varieties naturally involved
in this enlarged scheme can indeed be seen to be primarily represented by two
ELECTROWEAK THEORY AND THE NEUTRINO-MASS AND NEUTRINO-OSCILLATION QUESTIONS 
10.1142/S0217732307022852
© World Scientific Publishing Co. Pte. Ltd.     No further distribution is allowed.
March 27, 2007 11:25 WSPC/146-MPLA 02285
858 G. Ziino
anticommuting types of one-particle charge operators defined in Sin, the former
type, Q, being diagonal in the “Dirac” basis (|f〉, |f¯〉) and the latter one, Qch, being
diagonal in the “chiral” basis (|f ch〉, |f¯ ch〉): it will result
QQch +QchQ = 0 , (21)
with the squares Q2, Qch2 satisfying the individual commutation relations
[Q2, Qch] = 0 , [Qch2, Q] = 0 , (22)
and with Ccov and Pin just working as Q- and Q
ch-conjugation operators, respec-
tively. It can, moreover, be easily seen that either of these charge-operator types,
if applied, e.g., to Ψ¯ (from the left) or to Ψ (from the right), is able by itself to
superselect the Sin basis in which it is diagonalized, or rather, so to speak, to anti-
superselect the one in which the other charge-operator type would be diagonalized.
In the presence of both scalar and pseudoscalar charges, a dual — either “Dirac”
or “chiral” — intrinsic model of one and the same massive spin- 12 point parti-
cle (and related antiparticle) may thus be thought of, just depending on whether
a pure scalar- or pseudoscalar-charge dynamics is momentarily involved. Such a
model can in particular provide a fundamental explanation for the so-called “max-
imally P -violating” phenomenology, without need to invoke for it either any actual
(further maximal) failure of P mirror symmetry or any actual corresponding fail-
ure of charge-conjugation symmetry: the point is that the pure weak interaction
would really involve “chiral” fermions and antifermions (quite amounting to sheer
pseudoscalar-charge objects) rather than “Dirac” ones (quite amounting to sheer
scalar-charge objects). Of course, this is formally supported by the fact that the
well-known “ad hoc” Dirac-field V − A current is to be here rewritten as just a
“natural” chiral-field V current.
The novelty of this generalized spin- 12 particle model may be brought to its
extreme consequences by taking the zero-mass limit of (13). What comes out is
that the model itself necessarily loses its dual character and is further able to
retain its “chiral” nature only: it is automatically reduced to a mere sort of two-
component particle model whose helicity-conjugated complement is not, however,
truly missing but does already stand for the associated “antiparticle” model.29
The fact is that any massless spin- 12 particle can, for well-known reasons, merely
be found in definite-helicity (or better, definite-chirality) states; which now means,
indeed, that it would be in itself a “chiral” particle, too (being naturally left-handed
in case it should be a fermion, or being naturally right-handed in case it should
be an antifermion). Under these very special circumstances, one also has that an
explicit “dressed” formalism like the one still based on the Fock space (1) is made
superfluous: when massless, the two (pure chirality-conjugated) “bare” fields χf and
χf¯ are already able to single out two distinct (pure helicity-conjugated) covariant
Fock subspaces — a “fermionic” (left-handed) one, F◦L, and an “antifermionic”
(right-handed) one, F◦R — so they may themselves be said “to incorporate” the
|f ch〉 and |f¯ ch〉 internal directions (just redefined as γ5-eigenvector directions).
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Such a two-component particle model — actually affording a natural key to in-
terpret the neutrino phenomenology (with by no means spoiling either mirror or
charge-conjugation symmetry) — is in principle addressed to whatever spin- 12 point-
like fermion taken with zero mass. It generally establishes that a massless spin- 12
particle and its antiparticle should typically amount to a pair of sheer pseudoscalar-
charge conjugated eigenstates, which i.e. are in themselves the strict mirror images
of each other and can, therefore, be interchanged by simply applying the ordinary
space reflection. These particles may still be assumed to carry scalar charges, too,
even though with necessarily vanishing expectation values as a result of (21): for
Qch conjugated eigenstates (and apart from the trivial case of already vanishing
Q-eigenvalues) one must expect the only square scalar charge Q2 to be diagonal
(with identical eigenvalues for the particle and the antiparticle).
Hence the following new basic conclusion can be drawn: Any spin- 12 particle–
antiparticle pair being massless and carrying nonzero scalar charges could never be
found in internal states that are also scalar-charge eigenstates, but only in internal
states being marked by a maximal uncertainty in sign for every one of those charges.
In other words (excluding the trivial case of scalar charges with null eigenvalues),
it can now be asserted that no superselected, but only anti-superselected scalar-
charge eigenstates could really exist for spin- 12 pointlike fermions and antifermions
supposed to be massless.
As an immediate repercussion in the electroweak framework, we have that
fermion-mass appearance should now be generally ascribed a very deep signifi-
cance: it would become indeed a dynamical stage strictly necessary for enabling
one and the same fermion and related antifermion to manifest themselves not only
as “chiral” particles, i.e. superselected pseudoscalar-charge (and anti-superselected
scalar-charge) eigenstates, but also as “Dirac” particles, i.e. superselected scalar-
charge (and anti-superselected pseudoscalar-charge) eigenstates. This would clearly
regard both quarks and electrically-charged leptons, but might apply to neutrinos
as well, thanks to the fact that whichever elementary fermion at the zero-mass
early stage would now be characterized by a unified free-particle model: the key to
the existence of massive final neutrinos should be, once again, the internal pres-
ence of some scalar charges (as it would already occur for all the other elementary
fermions).
A massive, weakly-interacting neutrino predicted here still looks like a “chiral”
particle (in the rigorous general sense seen above). The corresponding neutrino
kind is thus neither the Dirac nor the Majorana one,30 though it seems to share
some properties with the former and some other properties with the latter. Like
the Dirac neutrino, it strictly implies “lepton-number conservation” (see the next
section) and cannot be compatible with a neutrinoless double β-decay; whereas, like
the Majorana neutrino, it may be said to be an eigenstate of “(scalar)-charge con-
jugation” (as now covariantly represented by Ccov) and to undergo no real changes
under the (noncovariant) C operation. The last property, generally valid for a “chi-
ral” particle as opposed to a “Dirac” one, can be proved by exploiting the fact
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that according to (17), the actual representation of C in the “dressed” Fock space
(1) should amount to C = CstPin (= PinCst) with Cst denoting the “standard”
charge-conjugation operator in the “bare” Fock space F◦. To this aim, consider a
“dressed” Fock state of the type |1p,σ〉|f ch〉, where |1p,σ〉 stands for an usual occu-
pied “particle” (= fermion) state of momentum p and helicity σ in F◦. Recalling
(19), one has
C|1p,σ〉|f ch〉 = Cst|1p,σ〉Pin|f ch〉 = |1(h)p,σ〉|f¯ ch〉 . (23)
Here (just as it happens on passing from |f〉 to |f¯〉) the transformed “dressed” Fock
state is also belonging to a new picture (marked by |f¯ ch〉 and covariantly conjugated
to the starting one) in which by “particle” the corresponding (“chiral”) antifermion
is meant. The conclusion is, therefore, that the resulting occupied “hole” state
|1(h)p,σ〉|f¯ ch〉 is nothing but just the original fermion state as re-expressed in such a
picture.
3. Two Distinct, Scalar and Pseudoscalar, Replicas of (Electron,
Muon, and Tau) Lepton Numbers
According to the extended covariant quantum field formalism summarized in the
previous section, every single family of leptons (or quarks) taken at the zero-mass
stage should be universally made up of naturally left-handed, “chiral” particles.
These are rigorously defined (in full compliance both with mirror symmetry and
charge-conjugation symmetry!) as objects behaving just like net pseudoscalar-
charge eigenstates: they may include at most scalar (additional) charges being as
yet confined to a maximal uncertainty in sign (and to null expectation values) and
having merely their own squares with sharp eigenvalues (identical for particles and
antiparticles). The compatibility with the standard electroweak formulation would
still be ensured by the fact that the usual right-handed counterparts of the left-
handed massless fermions are nothing but the massless antifermions themselves
(and conversely, the usual left-handed counterparts of the right-handed massless
antifermions are nothing but the massless fermions themselves).
Such a framework does strictly call for zero-mass SU(2) ⊗ U(1) gauge eigen-
states being pseudoscalar-charge eigenstates, so both the weak-isospin components
and the weak hypercharge are to be redefined as quantities individually showing
pseudoscalar (rather than scalar) behaviors under ordinary space reflection.18 This
should in particular hold for every single lepton family `, ν` (` = e, µ, τ), whose
“lepton number” specifically conserved in the charged-current sector should itself
be taken as a pseudoscalar quantum number (with opposite eigenvalues just for
“chiral” particles and antiparticles).
The renewed electroweak model at issue is therefore predicting the existence of
three single (electron, muon, and tau) pseudoscalar lepton numbers. They are those
typically conserved in the charged-current weak couplings.
There is still, however, a scalar lepton-number variety to be allowed for, too.
It is the one given by the three single actual lepton numbers that are typically
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conserved in the electromagnetic sector (thus preventing, e.g., the decays µ→ e+γ
and τ → µ+γ). This is indeed a scalar variety (quite distinct from the pseudoscalar
variety above) because it refers just to (no longer massless) “Dirac” leptons and
correspondingly takes on opposite eigenvalues just for “Dirac” (rather than “chiral”)
particles and antiparticles.
Two such, pseudoscalar and scalar, replicas of (electron, muon, and tau) lepton
numbers — diagonal only for “chiral” and “Dirac” lepton–antilepton pairs, respec-
tively — are to be primarily represented by two sets of one-particle Hermitian
operators, say Lch` and L` (` = e, µ, τ). If we take account of the internal trans-
formation (13), which does connect scalar-charge conjugated (Dirac) ψ-fields with
pseudoscalar-charge conjugated (chiral) χ-fields, we may in particular define such
lepton-number sets by directly putting
Lch` χ` = χ` , L
ch
` χ¯` = −χ¯` (` = e, µ, τ) (24)
on one hand, and
L`ψ` = ψ` , L`ψ¯` = −ψ¯` (` = e, µ, τ) (25)
on the other. This conversely implies
{
Lch` ψ` = −ψ¯` , Lch` ψ¯` = −ψ`
L`χ` = χ¯` , L`χ¯` = χ`
(` = e, µ, τ) ; (26)
and hence it is easy to see that Lch` and L` anticommute,
L`L
ch
` + L
ch
` L` = 0 (` = e, µ, τ) , (27)
while their individual squares Lch2` , L
2
` correspondingly satisfy the commutation
relations
[Lch2` , L`] = 0 , [L
2
` , L
ch
` ] = 0 (` = e, µ, τ) . (28)
Note that both (27) and (28) are strictly understood for electrically-charged leptons,
and their extensive application to neutrinos cannot be taken for granted.
Following the new ideas pointed out in Sec. 2, it may be said that the L` lepton-
number variety as opposed to the Lch` should just be a direct expression of the
dual (not only “chiral” but also “Dirac”) intrinsic nature manifested by every final
(no longer massless) electrically-charged lepton. This could suggest, by analogy,
the complementary conjecture of “Dirac” neutrinos (added to “chiral” ones) being
themselves L` eigenstates. According to the same new views (naturally assigning
exclusive “chiral” behaviors to massless fermions) such a conjecture would likewise
make sense, however, provided that the idea of no longer massless final neutrino
types is taken into account as well.
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4. Spontaneous Theoretical Model for Neutrino Oscillations in
the Electroweak Framework
The above-predicted coexistence of a double, pseudoscalar and scalar, variety of
singly conserved (electron, muon, and tau) lepton numbers — the former one, Lch`
(` = e, µ, τ), being manifestly involved in the charged-current weak couplings, and
the latter one, L`, in the electromagnetic couplings — can be shown to really give
a full theoretical legitimacy to the nonstandard conjecture of a neutrino-oscillation
effect.
Let L2 be the square of the “total” (one-particle) scalar-lepton-number operator
L = Le + Lµ + Lτ . (29)
Of course, both for electrically-charged leptons and for neutrinos,
[L2, Lch` ] = [L
2, L`] = 0 , (30)
and one has that whichever lepton (or antilepton) may always be assigned an eigen-
value +1 of L2.
Actually, an electrically-charged lepton ` (antilepton ¯`) would just be allowed to
take on either the Lch` or L` eigenvalue according to whether manifesting itself as
a “chiral” or “Dirac” particle (antiparticle). So ` (¯`) can always be said, moreover,
to be in a simultaneous eigenstate of Lch2` and L
2
` .
This same requirement does not seem, instead, to be necessarily met by the
corresponding neutrino ν` (antineutrino ν¯`). On the basis of the generalized spin-
1
2
quantum field formalism here adopted, one can argue that a neutrino ν` partic-
ipating in either a charged- or neutral-current weak coupling would anyhow be
manifesting itself as a strict “chiral” lepton — with a sharp eigenvalue of the pseu-
doscalar lepton number Lch` — no matter whether it is really massless or not. Let
then ν`, for simplicity, also denote the gauge χ-field associated with it, so that
one may write Lch` ν` = ν` (as well as L
ch2
` ν` = ν`). Due to (27), such a neutrino
being just produced by the weak interaction should conversely appear with a null
expectation value of the scalar lepton number L`: what could be at most allowed,
thanks to (28), is a ν` further being such that L
2
`ν` = ν`. Yet the simple fact that
ν` is indeed an eigenfield of L
ch
` would already be enough, of course, to ensure a
“lepton-number conservation” law for the single ` family. So, in principle, one may
generally put
ν` = c1`ν1 + c2`ν2 + c3`ν3 (` = e, µ, τ) , (31)
where ν1, ν2, and ν3 stand for three orthogonal χ-fields satisfying the eigenvalue
equations
L2eν1 = ν1 , L
2
µν2 = ν2 , L
2
τν3 = ν3 , (32)
and where all nine coefficients c1`, c2`, c3` (three per ` family) are the elements of
a 3× 3 nondiagonal unitary matrix.
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A neutrino gauge field ν` as in (31) is truly subject to the only constraints
Lch` ν` = ν` , L
2ν` = ν` (` = e, µ, τ) (33)
and implies that the single (scalar) L` lepton numbers should not be conserved in
the charged-current weak couplings. This for identically massless neutrinos (and
in the absence of any interactions directly involving ν1, ν2, and ν3) would have no
observable repercussions, as in that case it would clearly make no difference to think
of the three ν`’s rotated in such a way that L
2ν` = L
2
`ν` = ν`. The meaning of (31)
could, instead, become nontrivial at all in the event of a diversified final neutrino
mass spectrum. Actually, according to the general new basic ideas summed up
in Sec. 2, a strict correspondence should here be expected to exist between the
appearance of a neutrino nonzero-mass eigenstate and the specific presence of a
distinctive scalar charge such as Le, Lµ or Lτ . If so, then it should happen that
only ν1, ν2, and ν3 — just satisfying Eqs. (32) — could in the end be really found
with three sharp nonzero square-mass values, say m21, m
2
2 and m
2
3. Under these
circumstances (unless m21 = m
2
2 = m
2
3) the validity of (31) would indeed give
rise to a self-consistent, pure theoretical model spontaneously predicting a neutrino-
oscillation effect. In the light of such a model, the general non-conservation of any
single free-neutrino Lch2` quantum number would appear to be strictly motivated by
the conservation itself of all three single free-neutrino L2` quantum numbers, and the
fact that interacting neutrinos should generally be prevented from bearing sharp
energies would conversely come out as just a consequence of the (only dynamical)
individual conservation laws for Lche , L
ch
µ , and L
ch
τ in the neutrino couplings.
A model like this, of a pure electroweak nature, should not be expected to involve
CP -violating effects. It, on the other hand, would be unable to work also in the
quark sector (and to account also for the origin of the Cabibbo–Kobayashi–Maskawa
matrix). The point is that at variance with what happens in the lepton sector, there
exist no quarks being electrically neutral and permanently looking like “chiral”
particles, and there are not three single (pseudoscalar) “baryon numbers” (one per
quark family) being separately conserved. So, no strict electroweak motivations
could really be found for the quark mixing, which should rather be ascribed to
the external influences of the flavor scalar charges distinguishing quarks from one
another.
5. Concluding Remarks
The neutrino question within the Standard Model has been here discussed anew,
in the general background of an extended covariant spin- 12 quantum field formal-
ism that can by itself account for the so-called “maximal parity-violation” as only
an apparent effect being actually due to the dynamical involvement of a pseu-
doscalar (“extra”) charge variety which anticommutes with the scalar (“ordinary”)
one. Such a formalism18 leads to a basic understanding of the “V −A” phenomeno-
logical currents, through a genuine, pure vector re-reading of them just in terms of
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rigorously defined “chiral” fields. In the case of massive pointlike spin- 12 fermions,
these fields (with opposite chiralities for particles and antiparticles) would be truly
describing fermions and antifermions in their “alternate appearing” like pairs of
sheer pseudoscalar-charge (rather than sheer scalar-charge) conjugated eigenstates.
What would thus be involved on the whole is a generally dual (either “Dirac” or
“chiral”) intrinsic model of one and the same (massive) fermion–antifermion pair.
The extreme new implications of this model may be found in the zero-mass limit:
one obtains that any pointlike spin- 12 fermion and its antifermion would unam-
biguously be reduced to two mere (left- and right-handed) “chiral” particles being
in themselves the strict mirror images of each other and carrying at most scalar
(additional) charges naturally confined to a maximal uncertainty in sign (and to
corresponding null expectation values). A spontaneously “two-component” univer-
sal massless-fermion pattern like this, besides deeply explaining the neutrino phe-
nomenology (without even spoiling either mirror or charge-conjugation symmetry),
also reveals that the neutrinos themselves (whether massless or not) should not be
so different from the other elementary fermions, except for interacting only weakly
and being described (accordingly) only by “chiral” fields. In such a unified frame-
work, the arising of fermion masses (neutrino masses included) should actually be
traced back to the general additional request for superselected scalar-charge eigen-
states (now strictly forbidden at the zero-mass stage): it would become, indeed, the
only way for allowing an elementary fermion and its antifermion (originally bound
to be a “chiral” particle–antiparticle pair) to manifest themselves also as a “Dirac”
particle–antiparticle pair, with, vice versa, sharp (and opposite) scalar-charge eigen-
values and vanishing pseudoscalar-charge expectation values.
On the basis of all that, it has been argued that every single (electron, muon, and
tau) lepton number being typically conserved in the charged-current electroweak
sector should truly be taken as a special pseudoscalar charge, to be distinguished
from the scalar lepton number which is correspondingly conserved in the pure elec-
tromagnetic sector: a “chiral” (“Dirac”) lepton would be marked by a sharp eigen-
value of the former (latter) lepton number and would conversely be bound to a
null expectation value of the latter (former) one. Of course, any given (whether
“chiral” or “Dirac”) electrically-charged lepton ` (= e, µ, τ) can always be assigned
simultaneous eigenvalues of the squares — Lch2` and L
2
` — of two such (anticom-
muting) `-lepton-number replicas. This has been seen not to be necessarily true for
the associated neutrino ν` (as just produced by the weak interaction). The point
is that ν`, here depicted just like a lepton being only able to interact (weakly) as
a “chiral” particle, is by no means required to coincide also with a strict eigenvec-
tor of L2` (since it already shows sharp eigenvalues of L
ch2
` and L
ch
` ). An overall
electroweak neutrino model has thus been built where the three ν`’s are generally
defined as mere linear combinations of three special neutrino eigenvectors ν1, ν2,
ν3 satisfying the L
2
` -eigenvalue equations (32). Such a model, rigorously “chiral”
regardless of the zero-mass condition, has been shown as well to provide a sponta-
ELECTROWEAK THEORY AND THE NEUTRINO-MASS AND NEUTRINO-OSCILLATION QUESTIONS 
10.1142/S0217732307022852
© World Scientific Publishing Co. Pte. Ltd.     No further distribution is allowed.
March 27, 2007 11:25 WSPC/146-MPLA 02285
Electroweak Theory and the Neutrino-Mass and Neutrino-Oscillation Questions 865
neous, compelling theoretical motivation for neutrino oscillations. This is because
the above-mentioned new basic views on spin- 12 particles strictly demand the ap-
pearance of three distinct neutrino masses to presuppose the specific presence of
three distinct scalar lepton numbers associated with them: so one has that only ν1,
ν2, and ν3 (each with its own L` scalar charge) — and not just νe, νµ, and ντ —
could really be expected to acquire individual masses.
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